A new glucuronolactone glycoside, phoenixoside B (1), has been isolated from the n-butanol soluble fraction of seeds of Phoenix dactylifera. The structure was characterized as 1-(1′-ethyl-β-D-glucosyl)-4,5-diethyl-[-D-glucofuranourono-6,3-lactone] on the basis of 1D and 2D-NMR spectroscopy and high-resolution mass spectrometry.
Phoenix dactylifera L. (family Aracaceae) is one of the oldest cultivated fruit trees of the Middle East. Pharmacological studies conducted on different parts of this plant revealed that aqueous and alcoholic extracts of date pits possess significant antimicrobial, antiulcer, hepatoprotective, antioxidant, antiinflammatory, nephroprotective , anticoagulation and fibrinolytic activity [1a] . Dates contain at least six vitamins, including a small amount of vitamin C, and vitamins B1 (thiamine), B2 (riboflavin), nicotinic acid (niacin) and vitamin A [1a] . Previous phytochemical investigations led to the isolation of some non-polar components from the n-hexane extract of the seeds [1b] and a new megastigmane glycoside, phoenixoside A from the n-butanolic extract [1c] . In this paper, we report the isolation and structure elucidation of a new glucuronolactone glycoside phoenixoside B (1), isolated from the n-butanolic extract of date palm seeds.
The compound (1) was obtained as colorless gummy solid. Its molecular formula was determined to be C 18 H 30 O 12 by HR-ESI-QTOF-MS (+ ion mode), which showed the (M+H) + peak at m/z 439.1829 (calc. for C 18 H 31 O 12 439.1810). A significant fragment ion peak at m/z 231.0873 corresponds to the formula C 10 H 15 O 6 (calc. 231.0863) suggesting the loss of a hexose moiety with an ethyl group (M + -C 8 H 15 O 6 ).The presence of a lactone ring in 1 is suggested by a strong peak in the IR spectrum at 1771 cm -1 . The IR spectrum also showed a strong absorption band at 3365 cm -1 , indicating the presence of a hydroxyl group (s). The 13 C NMR (BB and DEPT) spectra of 1 ( Table 1) gave evidence of seventeen carbon atoms, which included nine oxymethine, four oxymethylene, one quaternary and three methyl carbons, The 1 H-and 13 C-NMR spectra, as well as the literature, indicated the presence of α-D-glucuronolactone [2a] and a glucose moiety [2b]. The HSQC experiment was used to assign different protons to their respective carbon atoms and a 2D J-resolved experiment was used to determine the coupling constants. D-glucuronolactone has a dioxyquaternary carbon atom (δ 105.31) at C-4 instead of oxymethine; the lactone carbonyl peak of D-glucuronolactone was too weak and could not be observed in the 13 C NMR spectrum, but its presence was concluded from the HMBC experiment, as well as the IR spectrum. The 1 H NMR spectrum of 1 showed the presence of four oxymethine groups (CH-O-), which manifested signals at δ 4.84 (s, masked with solvent peak, equatorial, H-1 ), 3.81 (d, J = 8.4 Hz, H-2), and 3.74 (br.s, overlapped H-3 and H-5). The configuration of the anomeric proton of the glucuronolactone moiety was assigned to be α on the basis of a small coupling constant, which showed 1 H-1 H COSY interaction with the proton signal appearing at δ 3.81 ( d, J = 8.4 Hz, H-2 ), which in its turn showed interaction with the signal of a proton at δ 3.74 (overlapped broad signal, equatorial, H-3). The signal at δ 3.74 also showed HMBC interaction with the carbonyl carbon of the lactone ring (δ 177.50). The configuration of C-4 was theoretically determined by the lowest energy model. The configuration of the proton next to the carbon atom whose signal appeared at δ 3.74 (br.s) was the same as that of the commercially available D-glucuronolactone. Furthermore, the anomeric proton signal that appeared at δ 4.25 (d, J = 7.8 Hz) revealed the presence of a hexose (glucose) moiety whose configuration was assigned to be β on the basis of the large coupling constant of its anomeric proton signal. The presence of ethyl groups and a glucose moiety were assigned by HMBC interactions. The proton signal at δ 3.74 showed HMBC interaction with the ethyl group in which the oxymethylene signal appeared at δ 66.21, while the anomeric proton signal at δ 4.25 gave HMBC interaction with the signal at δ 62.02, and the methylene proton signal at δ 3.5-3.7 (overlapped) of an ethyl group showed HMBC interaction with the signal at δ 105.31. The structure of compound 1 was further confirmed by two dimensional 1 H-1 H homonuclear chemical shift correlation spectroscopy ( 1 H-1 H COSY), which showed cross peaks between the anomeric methine H-1 (δ 4.84) and the vicinal methine H-2 (δ 3.81); on the other hand, H-1''' (δ 1.14) showed a cross peak with H-2''' (δ 3.5-3.7 overlapped), and H-1'''' (δ 1.22) with H-2'''' ( δ 3.6 -3.9 overlapped). Another set of COSY interactions was observed between the H-1' anomeric proton at δ 4.25 and the H-2' methine proton at δ 3.16. The absolute configuration of the sugar unit was assigned after converting the hydrolyzed sugar into acetylated thiazolidine derivatives, and the GC retention time of each sugar was compared with those of authentic samples prepared in the same manner [2c]. On the basis of these data the structure of compound 1 is proposed as 1-(1′-ethoxy-β-D-glucose)-4,5-diethoxy-[-Dglucofuranourono-6,3-lactone].
Since ethanol was used for extraction of 1 from the seeds of Phoenix dactylifera, the possibility of the compound being an artefact cannot be excluded. However, the unique structure of 1 is nevertheless very interesting and worthy of report.
Experimental
General: IR, Jasco-320-A; Electronspray ionization (ESI) MS, QStar XL Hybrid LC/MS/MS (Applied Biosystems) spectrometer; NMR, Bruker AV (Avance) 300 spectrometer; TLC, precoated sheets silica gel 60 F 254 ; CC, silica gel 60 (230-400 mesh,); Recycling HPLC: J'sphere ODS-M80 column (S-4 μm, 8 nm, Ø 20 mm х 250 mm; YMC); flow rate of 3 mL/min, UV detection at 254 nm, HPLC grade MeOH and double -distilled and deionized water as solvents.
Plant materials:
The seeds of Phoenix dactylifera were purchased from a local market in Karachi, Pakistan during Aug-Sep 2006.
Extraction and isolation:
The seeds (3 Kg) of Phoenix dactylifera were ground to a coarse powder and then extracted with 70% aq. EtOH (3 x 10 L) for 15 days at room temperature. The resulting EtOH extract (175 g) was concentrated in vacuo, suspended in water (1000 mL), and partitioned successively with n-hexane (3 x 1000 mL), chloroform (3 x 1000 mL), ethyl acetate (3 x 1000 mL) and n-butanol (3 x 1000 mL). The n-butanolic fraction (20 g) was subjected to silica gel CC using chloroform and methanol as mobile phase. As a result, seven (1-7) fractions were obtained. Fraction 3 (3 g), obtained with 5% methanol in chloroform, gave the same TLC profile, hence was mixed and then subjected to recycling HPLC to afford pure compound 1 (50 mg, H 2 O/MeOH 1:1, t R 35 min).
Acid hydrolysis of phoenixoside B (1):
Compound 1 (12.0 mg) was dissolved in 2N HCl and refluxed for 3 h. On cooling, the reaction mixture was extracted with EtOAc. After separating the organic layer, the aqueous phase was neutralized with Na 2 CO 3 and concentrated. The sugar was identified as glucose by co-TLC with authentic samples [2b] .
Determination of absolute configuration of sugars:
The concentrated residue of hydrolyzed sugar in pyridine (100 μL) and L-cystine methyl ester hydrochloride (0.06 mol/L) were mixed, and the solution warmed at 60°C for 1 h. Acetic anhydride (150 μL) was then added and the mixture maintained at 90°C for another 1 h. After evaporation of pyridine and acetic anhydride in vacuo, each residue was dissolved in acetone (350 μL) and the solution (1 μL) subjected to GC under the following conditions: capillary column, SBP 5 (15 m × 0.53 mm × 0.50 μm); column temperature 220°C; injection temperature 270°C; carrier gas N 2 . A peak for a peracetylated thiazolidine derivative, with a retention time of 31.66 min, was observed for the sample, which was identical to the derivative of D-glucose prepared in the same manner [2c]. 
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